Objective: Nosocomial infections (NI) are a frequent and important cause of morbidity and mortality in newborn infants who receive intensive care. We sought to determine if comprehensive infection control (CIC) measures decrease rates in a large neonatal intensive care nursery.
Background
Although advances in neonatal intensive care have led to improved survival of critically ill infants, prolonged hospitalization of these immunocompromized infants render them vulnerable to nosocomial infection (NI). The incidence of nosocomial sepsis is inversely related to gestational age of the infant with the most immature infants having rates of late onset sepsis in excess of 40%. Despite early recognition, supportive care, and prompt empirical and subsequent sensitivity-proven antimicrobial therapy, nosocomial neonatal sepsis continues to be an important cause of morbidity and death among these infants.
1,2 NI rates vary considerably among intensive care units 3 and may be influenced by care practices. [4] [5] [6] We sought to determine if comprehensive infection control (CIC) measures can reduce and sustain lower NI rates in newborn infants receiving intensive care.
Methods
This single center, interventional study was conducted at the Regional Newborn Intensive Care Unit (RNICU) at the University of Alabama at Birmingham. The RNICU is an urban, tertiary referral center for North-Central Alabama and admits approximately 1050 newborn infants per year. This study was approved by the University of Alabama at Birmingham Institutional Review Board.
Process improvement and intervention
The development of the CIC was modeled after the collaborative quality improvement process by Horbar et al. 4 The RNICU infection control group was a multidisciplinary team consisting of physicians, nurse managers, staff nurses, and representatives from respiratory therapy, pharmacy, infection control, and quality resources. The first phase was a self-analysis of infection control practices and procedures currently in place. The team identified five target areas for improvement. (1) Environment -improving hand cleansing and reduction of reducing microbial contamination of the patient care space. (2) Vascular accesslimiting duration of umbilical catheters and develop a highly trained core of nurses to insert and maintain peripherally inserted central intravascular catheters. (3) Nutrition -increasing rates of breast milk feeding and reducing duration to full enteral feeding. The education program and interventions were implemented over a 2-month period to allow time for the staff to assimilate the information and to initiate a process of culture change. Education was initiated through a series of large and small group activities, audiovisual programs and didactic exercises. Excellent participation in the educational activities was rewarded with small gifts, such as free movie tickets and meal coupons donated from local area businesses. Banners and flyers were placed in and around the unit to elicit family involvement and as reminders to the staff. During the entire study period, monthly feedback on infection rates was given to the entire care team.
The demographic and microbiologic information for all infants admitted from January 1, 1999 to Definition of outcomes NI was defined as the occurrence of one or more positive cultures of blood, cerebrospinal fluid, or sterile catheter-collected urine after the third postnatal day. Blood cultures could be drawn from peripheral veins or through umbilical intravascular catheters. Coagulase-negative staphylococcal (CoNS) infection required the recovery of the organism from blood or spinal fluid, signs of systemic illness, and treatment for 5 or more days with antibiotics. Infants with multiple positive cultures with the same organism(s) were considered to have one sepsis episode. If there were positive cultures of the same or different organism after the usual antibiotic treatment period of 7-14 days (depending on the organism), and interval negative cultures, infants were considered to have a second episode of sepsis.
Statistical analysis
The primary analysis was planned prospectively and compared the outcomes in 2002, following the first postintervention year, with those occurring in 1999 and 2000, the baseline period before the initial meeting of the project. Secondary analysis of outcomes was performed in 2004 and 2005, following the second and third postintervention year. Odds ratios (OR) of infection rates were calculated using standard procedures and statistical analyses were performed using Sigma Stat 2.03 statistical software (SPSS Inc., Chicago, IL).
Results
There were 2130 infants hospitalized in the RNICU during the baseline 2-year period. There were 1074 infants admitted to RNICU during study year 1, 1043 infants during study year 2 and 1133 in study year 3. The overall NI rate during the baseline period was 8.5 per 1000 hospital days, which significantly decreased by 26% to 6.3 per 1000 hospital days during year 1 (OR 0.74, 95% confidence interval (CI) 0.6-0.9). In the second and third study years there was further reduction in infection rates to 5.8 and 5.5 per 1000 hospital days respectively, a fall of 39% from baseline (OR 0.62, 95% CI 0.5-0.8).
The baseline rate for the composite outcome of death or bacteremia/fungemia was 21%. During follow-up year 1 the composite outcome rate was 19% (OR 0.91, 95% CI 0.8-1.1). The composite outcome rates for follow-up years 2 and 3 were similar at 17% (OR 0.79, 95% CI 0.7-0.9).
The rate of CoNS infection declined 47% from baseline during study year 1 from 4.6 per 1000 hospital days to 2. 
Discussion
It has been over a century and a half since Ignaz Semmelweis observed that maternal peripartum mortality can be reduced if physicians caring for these gravidas first wash their hands. Since then it has been well-recognized that health care providers readily transfer microorganisms to patients, and this is an important vector for NI. 7 Prematurely born newborn infants are particularly susceptible to infection because of immaturity of host defenses including qualitative and quantitative deficiencies of neutrophils, [8] [9] [10] insufficient opsonization and hypogammaglobulinemia due to incomplete immunoglobulin G transplacental transfer of maternally-derived antibodies, 11 and incompetent cutaneous and mucosal barrier function. The resident, hospital microbial flora rapidly colonizes immature cutaneous and mucosal surfaces. Prolonged instrumentation with intravascular catheters and endotracheal tubes disrupts these fragile barriers predisposing these infants to NI. 2 In addition, the use of broad spectrum antibiotic therapy may result in a skewed commensal mucosal microbiota with significant antimicrobial resistance. While certain risks for infection such as deficiencies in innate or humoral immunity may not be readily modifiable in newborn infants, we questioned if improvements in certain practices can reduce rates of NI.
Infection control practices have been effective in controlling outbreaks of hospital acquired pathogens in neonatal intensive care units. [12] [13] [14] [15] These measures frequently involve cohort isolation, meticulous hand hygiene 6 and barrier protection of the care team and parents by use of gloves and gowns. Pharmacologic agents have been used with some success, particularly with intranasal mupirocin for methicillin resistant Staphylococcus aureus. 16 The reduction of CoNS infections observed in this study after implementation of CIC measures is comparable to the first postintervention year benefit realized in multicenter implementation of 'best practices' by Horbar et al. 4 and Kilbride et al. 5 There are limited data on the long-term effects of such interventions and changes in infection control practices.
The reduction in NI rates that we found over the 3-year followup period may have resulted from a multiple step process of education, feedback, and reinforcement. Education heightened awareness of unit specific rates of infection and the associated morbidities. Regular and timely feedback to the entire care team provided tangible evidence that infection control efforts resulted in lower NI. Best infection control practices were reinforced with serial training opportunities.
While outcomes from individual components of the intervention were not uniformly measured, we demonstrated improved rates of human milk feeding initiation for infants <1500 g at birth. Prior to implementation of CIC, human milk feeding initiation rate was 80% and rose to 89% in the 6-month period following the intervention. In addition, we identified increased rates of breast milk feedings at 30 days of age from 35 to 54% after the intervention. Higher rates of human milk feeding have been shown to reduce NI rates, 17, 18 and is likely to have had an impact on our population, but the individual contribution of this component from all infection control practices is not known.
There were deliberate changes in the care and maintenance of central intravascular catheters. The peripherally inserted central catheter specialists were required to demonstrate competencies in sterile technique for insertion and for routine catheter dressing changes. Antiseptic preparation of the catheter hub and creation of a ministerile field when accessing central intravascular catheters may have had direct and indirect effects on NI rates. Careful antisepsis of the hub may directly reduce contamination of the catheter and infusate by surface microorganisms. The deliberate preparation required to access the catheter may have also had an indirect effect of decreasing the frequency of opening the line and obtaining blood samples for laboratory studies.
There are several limitations to this study. Although the patient population was substantial, this work was performed at a single, urban neonatal referral center. NI rates vary considerably in intensive care units. 3 Whether a similar comprehensive intervention would be effective in a different patient population or institution and if outcome would be comparable is unknown. We implemented multiple practice changes in a sequential, yet focused time frame. Following implementation, we measured only the primary outcome, reduction in NI rates, and did not measure compliance with all individual practice components. As such, we cannot determine which, if any, individual practice changes had a dominant effect in reducing NI. During follow up years 2-3, our center participated in randomized, placebo-controlled trials of polyclonal immunoglobulin preparations to prevent nosocomial sepsis. While these studies included <2% of the total population, approximately 16% of infants <1250 g participated. There may have been direct benefit from the medication or indirect effects from participating in a clinical trial to prevent sepsis.
We have shown that an effective educational program and implementation of CIC measures reduced and sustained lower NI rates in our population. We believe that the benefit was the result of a change in unit culture, attitudes and practices regarding control of infection by regular, ongoing feedback.
